Abstract. The objective of this study is to develop a qualitative model supporting chief financial officers (CFOs) while considering the timing of initial public offerings (IPOs) under conditions of underdeveloped capital markets, where decision making is often made under information shortage. A lack of adequate statistical data in connection with turbulently changing environment suggests that additional research is needed to develop new IPO timing models based not only on statistical analyses. We used a qualitative research approach based on trends, which are increasing, constant or decreasing. Firstly, we identified key variables influencing IPO timing, which have sufficient support in the relevant IPO academic literature, e.g. GDP growth rates, level of compliance, stock market returns, etc. Next, a qualitative model working with 9 variables was developed. The result is represented by 19 scenarios and their qualitative solutions. The transitional graph represents all possible transitions among the 19 scenarios. The main message of the findings presented is what scenarios can occur and what actions might be implemented by CFOs in order to increase the chances of IPO success. We believe that our findings provide valuable implications for local issuers, investment bankers, stock exchanges and macroeconomic policy makers.
Introduction
Recent academic theories and empirical research identified many endogenous and exogenous determinants that may have significant effects on the timing of initial public offerings (IPOs). There are many empirical studies that have surveyed this issue in well-developed capital markets of the USA and Western Europe (e.g. Ibbotson, & Jaffe, 1975; Ritter, 1984 Ritter, , 2011 Brau, & Fawcett, 2006; Bancel, & Mittoo, 2009; Ritter, & Welch, 2002; Chemmanur, & Fulghieri, 1999; Pagano, Panetta, & Zingales, 1998; Black, & Gilson, 1998) . However, to our knowledge this phenomenon has been investigated very poorly in the Central and Eastern European (CEE) countries 1 , which are supposed to have "different risk and return characteristics compared with developed EU's markets". The Warsaw Stock Exchange (WSE) is considered to be the only capital market in the CEE region playing an essential role in capital raising and belongs to those capital markets in Europe recording high IPO numbers and volumes (IPO Watch Europe 2004 -2015 . The remaining capital markets have never started to provide a real channel for acquiring sources of financing for enterprises to a significantly greater extent. Both IPO volumes and numbers remain substantially lower in most CEE markets (for details about IPO volumes and values see Figure 1 ). The interrelationships among selected Central and Eastern European capital markets have been documented by e.g. Fałdziński, Balcerzak, Meluzín, Pietrzak, and Zinecker (2016) and Pietrzak, Fałdziński, Balcerzak, Meluzín, and Zinecker (2017) .
Therefore, the majority of the CEE countries do not provide sufficient historical data and we suggest that in connection with turbulently changing environment the established IPO timing models have obvious limitations. Conventional statistical analyses, which are directly or indirectly based on the law of large numbers and using macro-and micro-data, are not applicable (Loeve, 1977; Haefke, & Helmenstein, 1996; Theodoridis, & Koutroumbas, 2008; Myskova, 2009; Hajek, Olej, & Myskova, 2014 ). An alternative, how to capture fundamental features of a system while eliminating quantitative details, represent qualitative models. Qualitative models are defined as uncertainty calculi. Fuzzy sets, rough sets and order of magnitude reasoning are examples of them.
In this study, we intend to fill a gap in the academic literature on going public by developing a qualitative model supporting chief financial officers (CFOs) on IPO timing. The novelty of this study consists in the research approach based on non-numerical modelling. To our knowledge, the previous academic literature has not applied qualitative on trends based models supporting decision making of CFOs on IPO timing in any of the emerging capital markets where the corporate practice grapples with insufficient statistical data records.
This paper contributes to a better understanding of decision-making on public issues in the sector of private enterprises. Modelling determinants on IPO timing is a starting point while formulating new financial strategies of e.g. banking or venture capital backed companies. We also expect that our findings will be beneficial for investment bankers, stock exchanges and macroeconomic policy makers while discussing and designing incentives how to attract more enterprises onto the primary capital markets under the specific conditions of CEE countries.
The methods employed in this article include systematic and logical literature analysis, collecting of original data (structured interviews with experts in the IPO industry), qualitative modelling, comparison and expert interpretations. This paper is structured as follows. Section 1 reviews IPO literature on IPO timing. Section 2 describes the research design. Section 3 presents the model proposal supporting and the last section summarizes and provides concluding remarks. 
Theoretical framework
Companies going public consider a broad range of exogenous and endogenous determinants affecting the decision related to the timing of initial public offerings (IPOs). The current academic studies highlight the underlying economic conditions as well as firm specific characteristics. Ibbotson and Jaffe (1975) , Ritter (1984) and Loughran, Ritter, and Rydqvist (1994) argue that IPOs have a cyclical character, because managers tend to take advantage of temporarily attractive market conditions and stock prices (the windows-of-opportunity hypothesis). The authors focused on the prediction of "hot" issue markets which are defined as periods in which the first-month stock performance or aftermarket performance of firms going public is abnormally high. Based on the results of statistical tests the authors postulate that companies go public under favourable economic conditions that support their growth and development. In a growing stage of the business cycle companies going public experience a "hot" market characterized by an increase in number of enterprises going public as well as proceeds, during a recession the number of companies going public slows down. On the other hand, the studies conducted by Rydqvist and Högholm (1995) and Loughran et al. (1994) show that the GDP short-term growth rates are no significant explanatory power for IPO activity across the sample of European countries. In a similar way, Breinlinger and Glogova's analysis (2002) of annual IPO volumes for six continental European countries could not support the hypothesis that GDP growth rates have explanatory power for IPO volumes. Contrariwise, La Porta et al. (1997) detected the influence of the legal system on the number of IPOs using a sample of 49 countries. The results show that "the quality of law enforcement, which is highly correlated with the level of GDP per capita, has a strong positive effect on the number of IPOs". Moreover, the authors identified a statistically significant influence of long-term GDP growth rates on going public activity in investigated countries. Jovanovic and Rousseau (2004) model the IPO timing decision and suggest that a non-monotonic relation exists between interest rate and the number of IPOs. At low interest rates companies tend to delay going public while very high rates of interest also discourage the IPO activity. Rees (1997) based on analysis of UK data states that there is no significant link between the number of IPOs and interest rates. Similarly Breininger and Glogova (2002) also indicate that there is no perceivably influence of interest rates (ten-year government bond yields) on demand for capital raising through IPOs. Loughran et al. (1994) , Ljungqvist (1995) , Rees (1997) and Rydqvist and Högholm (1995) identified a significantly positive influence of stock index levels and stock index returns on the number of IPOs. Loughran et al. (1994) investigate the timing of IPOs in fifteen countries in relation to inflation-adjusted stock price indexes and GDP growth rates. The results suggest a positive relationship between the number of IPOs and stock price levels, however no positive correlation with the cycle movements. Rydqvist and Högholm (1995) compare the data for a sample of family-owned enterprises in Sweden (1970 Sweden ( -1991 and eleven European countries (1980) (1981) (1982) (1983) (1984) (1985) (1986) (1987) (1988) (1989) . They find that "most going public activity took place after an exceptionally sharp stock price increase, and that going public activity is not related to the business cycle". Ljungqvist (1995) suggests that high number of IPOs is positively correlated with both high stock index levels and good business conditions and tends to follow phases of extensive IPO underpricing. Brzeszczynski (2014) studied the volumes of new IPOs and the main stock market index (WIG) returns for the Polish stock market over a period from 1997 to 2008. The author concludes that the IPO activity is linked to macroeconomic conditions, business cycles and stock market activity while a time lag between movements of the stock market index and decisions to conduct new IPOs exists.
The quality and adequacy of the institutional framework in regard to the capital market development is highlighted in many other studies (e.g. Pohulak-Żołędowska, 2016; Pietrzak et al. 2017; Kubiszewska, 2017; Żelazny & Pietrucha, 2017) . In this context the differences in the development of the institutional framework in the Czech and Polish capital market have been investigated since the 1990s. The development of these markets and their importance to the economy differ fundamentally. There is a consensus in the literature that the relative success of the Polish compared to the relative failure of the Czech capital market is due to much stronger regulatory environment and law enforcement in Poland at the beginning of the establishing of security markets (e.g. Aussenegg, 1999; Aussenegg, & Jelic, 2007) . Choe, Masulis, and Nanda (1993) report that companies prefer to go public when other good firms are currently conducting an IPO. Pagano et al. (1998) and Loughran et al. (1994) find that "hot" issue markets do not coincide with urgent funding needs and subsequent investments. Firms' going public decision seem to be driven mainly by market timing attempts (Baker, & Wurgler, 2000) . Peterle and Berk (2016) report on the incentives for IPOs in the CEE in the 2000s and proved that IPO cycles in the region exist. The authors suggest that IPO activity is driven by macroeconomic conditions and the investors' sentiment.
Lowry (2003) explored extreme fluctuations in IPO volume over 37 years. He compares "the extent to which the aggregate capital demands of private firms, the adverse-selection costs of issuing equity, and the level of investor optimism can explain these fluctuations. Results indicate that firms' demands for capital and investors' sentiment determine IPO volume, in both statistical and economic terms. "
Consistent with these results are findings of a survey conducted by Burgstaller (2005) . He examined public issues on the Vienna Stock Exchange between 1985 and 2004. The author delivers evidence concerning the aggregate factors that explain the time-series variation in both the numbers of and proceeds from initial public offerings and seasoned equity offerings (SEOs). Results indicate that firms successfully time their offerings to take advantage of high stock market valuations and the associated low cost of equity capital. The proceeds from IPOs, rather than funds raised by firms that are already listed, are used to finance subsequent investment. Brau and Fawcett (2006) asked 336 US chief financial officers (CFOs) to compare practice to theory inter alia in the area if IPO timing. Overall stock market conditions were identified as the single most important determinant of IPO timing. Two other factors were also perceived as strongly influencing the timing of an IPO: industry conditions and the need for capital to support growth. On the contrary, two other explanations -other good firms are currently going public and first day stock performance of recent IPOs -were viewed as relatively unimportant. The data suggest that CFOs do pursue windows of opportunity, but they define these windows in terms of overall stock market and industry conditions and not by the IPO market. Bancel and Mittoo (2009) surveyed survey CFOs from 12 European countries regarding the IPO determinants and exchange listing decisions. The authors report a rather low support for the windows-of-opportunity hypothesis. Only 40% of respondents agree that the IPO has allowed the issuing companies "to benefit from favourable market conditions (such as, bullish stock exchange/industry valuation). " The authors find strong support for the IPO theories (Maksimovic, & Pichler, 2001 ) emphasizing "financial and strategic considerations, such as enhanced reputation and credibility, and financial flexibility as a major advantage of an IPO".
The trade-off theory represents another theory explaining the IPO timing. Pagano et al. (1998) suggest that companies that face higher interest rates and have more concentrated credit sources are more likely to go public. The going public strategy is viewed as a tool how to achieve an optimal capital structure and to lower the cost of capital (Scott, 1976; Modigliani, & Miller, 1958 , 1963 . Thus, there is a general believe that firms conduct IPOs when other financial sources are not available because of a high leverage.
The relationship between profitability and going public probability is unambiguous. Pagano et al. (1998) suggest a negative relation because only such companies prefer external sources which are not able to generate sufficient internal cash flow. On the other hand, Ritter (1984) argues that a temporary increase in profitability may encourage companies to go public to capture the "window of opportunity".
Qualitative knowledge: the conceptual framework
It follows from the theoretical framework that much shallow knowledge on IPO timing is available. CFOs in the most CEE countries, however, cannot use statistical tests requiring a minimum number of data that correspond to the required accuracy; (e.g. multiple regression analysis, factor analysis, main component analysis, etc.). For details see e.g. Gujarati and Porter (2009) and Ross (2017) . Any elimination of information shortages is inevitably based on incorporations of non-numerical information items, for example fuzzy/rough models (Chen, & Cheng, 2012) . Therefore, CFOs as experts have to rely on knowledge represented by common-sense logic/reasoning. In this paper, qualitative modelling is applied as an alternative approach to analyses based strictly on statistical data.
Pair wise relations are a typical example of qualitative modelling. All pair wise relations X, Y in Figure 1 are trend relations. For example the relation 24 indicates that:
1) The relation Y = f(X) is decreasing, i.e. the first derivative is negative; dY/dX = -.
2) The decrease slows down, i.e. the second derivative is therefore negative, dY 2 /dX 2 = +.
The points 1, 2 and 3 demonstrate that no quantitative values are required to formalise the shapes given in Figure 2 . where X i is the i-th variable and DX i and DDX i are the first qualitative and second qualitative derivations with respect to time t. A set S of m-qualitative n-dimensional scenarios is described by the following set of triplets:
where j = 1, 2, …, m. The triplet (X i , DX i , DDX i ) is based on the first and second derivative. IPO knowledge is relatively poor and therefore the third derivatives are unknown.
A simple transfer of quantitative derivative dx i /dt to the qualitative derivatives is:
There are only three qualitative values (1) if the value anything * is ignored. Let us suppose that that all IPO variables are positive.
For example the share price is always positive. The maximum possible number of qualitatively distinguishable scenarios (2) can be evaluated by the following formula:
The order of derivation used in this paper is two, d = 2. Therefore just the first and second derivatives D, DD (2) are used.
Shallow heuristics are formalised by pairwise relations, see Figure 1 . A qualitative model is a set of w pair wise relations:
where s = 1, 2, …, w. This set of w relations can be solved to asses all such scenarios which are in accordance with the model (6). An example represents the set of two relations as follows: Figure 1 1 (no. 22, see Figure 1 ) X 1 X 2 , 2 (no. 26, see Figure 1 ) X 3 X 2 .
An algorithm which can be used to solve the model (7) can be based on methods used in artificial intelligence -pruning/simplifying of a one-root tree. It is a purely combinatorial/ formal mathematical task and is not studied in this paper.
Each scenario must be either accepted as a solution of the model (6), see e.g. (7), or rejected. To simplify the problem let us suppose that all three variables X 1 , X 2 and X 3 are positive as it requires the very nature of IPO. For example, X 1 is an interest rate and this is always positive. Therefore the following triple is used: (+, DX1, DDX1).
Another simplification is that the second derivatives are ignored or not known. It means that just the following triplet is used (+, DX1, *), see (1).
If the second derivatives are not known then the model (7) is simplified as follows:
1 If X 1 is increasing then X 2 is increasing. If X 1 is decreasing then X 2 is decreasing. 2 If X 3 is increasing then X 2 is decreasing. If X 3 is decreasing then X 2 is increasing. (8) The model (6) is therefore simplified into the following set of two relations:
where:
QP+ qualitative direct proportionality, QP-qualitative indirect proportionality, (10) QP+ covers all three increasing shapes; see no. 21, 22 and 23, Figure 1 , QP-covers all three decreasing shapes; see no. 24, 25 and 26, Figure 1 . Qualitative proportionalities QP (9) are knowledge items requiring the lowest level of information. Two variables cannot be related by a qualitative proportionality only in the case when nothing is known about their relationship.
IPO timing: the model
Our model describes decision making on IPO timing in capital markets with insufficient historical records. Most CEE capital markets are an example. CFOs, especially at the very beginning of a complex analysis, cannot use mathematical models as the basic background for their reasoning. Experts are forced to draw heavily on knowledge represented by commonsense. The central question to be addressed here is: "How can we assess whether a scenario is possible?" This can be identified based on the shallow knowledge about trends of key variables described in section 1.
At the beginning a set of twelve variables was identified (see Table 1 ). All listed variables have sufficient support in substantial academic literature and were discussed with experts in the area of IPOs. The desired values of the first derivatives of all explanatory variables are given in the third column. A positive derivative of e.g. GDP means that GDP is increasing. If the second derivative of GDG is positive as well then the increase is more and more rapid. This is the reason why the best qualitative behavior of an objective function Q is the triplet (+ + +) for the maximization and (+ --) for the minimization.
We have to keep in mind that in a scenario each variable is represented by a qualitative triplet (X, DX, DDX), for details see section 2. There are 9 variables in our model, hence 9 triplets in each scenario. Each value in the triplet can be either +, -or 0. Thus, there are 3 3 = 27 possible combinations for each triplet. Since we have 9 of such triplets (one for each variable) in each scenario, there are 27 9 possible combinations of +, -and 0, where each combination represents a possible scenario. This vast number of 27 9 scenarios has to be reduced to receive an applicable solution. As a next step of our model development, we defined that all variables have only positive values. It means that 3 2 = 9 combinations for each triplet exist. Since there are 9 of such triplets, we obtain 9 12 possible combinations.
Subsequently, we defined individual interrelations within the model. In Table 2 pairwise relations are displayed. The second column indicates the number of the corresponding qualitative shapes, see Figure 2 or QP+, and see (9). There is a set of 25 pairwise relations ( Table 2 ). The relations are formalised by the shapes given in Figure 2 . Figure 2 for the respective shapes, such as "23", "24", etc.
Source: authors' calculations.
Using the principle of consistency, a set of 19 scenarios, m = 19 (2) is the solution of the model, see Table 3 . The set of scenarios (2) is not the only useful result of the qualitative model given in Table 2 . Time transitions among the scenarios can be generated to get a transitional graph, see Figure 3 . For example it is obvious that the scenario No. 1 can be transferred into the scenario No. 2 or 4 (see Table 3 ). There is no transition from the scenario No. 1 to the scenario No. 5.
All variables are either exogenous, i.e. decision makers have them not under control (i.e. lotteries), or endogenous, i.e. decision makers have them under control (i.e. controlled variables). The decision maker can therefore just passively observe changes of exogenous variables or act when influencing endogenous variables. The transitional graph makes sure that no variant is overlooked, i.e. covers all possible time changes.
Let us suppose that all variables are lotteries. Thus, any unsteady macroeconomic and capital market conditions can be described by a time sequence of scenarios S (2). If each scenario is represented by a node and all transitions are graphically represented by oriented arks between corresponding pairs of scenarios, the result is an oriented graph of all possible transitions. Any time behaviour of the macroeconomic and capital market environment can be characterised as a path(s) in the transition graph. The transition graph is thus a condensed description of all possible unsteady state behaviors. 
10 +00 +00 +00 +00 +00 +00 +00 +00 +00 +00 +00 Let us suppose that the market situation under study corresponds to the scenario No. 16, see Figure 3 . Our intention is to describe a realistic time sequence of scenarios reflecting changes of independent variables which affect the prospective IPO failure or success and thus IPO timing. The qualitative tree indicating how to reach a more or less favourable environment is relevant to the decision maker. In our case study, the scenarios No. 10, 1 and 3 are terminals of the qualitative tree. Each terminal scenario has its hypothetical value of capital raised by IPO. (11) is used to evaluate the qualitative tree, see Figure 6 . The total ignorance case has the solution given in Table 4 .
A common sense interpretation of the heuristic (11) indicates that the shortest branch, i.e. the transfer scenario 16 → 10 of the qualitative tree (see Figure 6 ), has the dominant probability. It is easy to evaluate the capital raised by IPO using the results given in Table 5 . A partial ignorance problem means that some probabilities are vaguely known and specified as fuzzy sets. Two fuzzy probabilities are given in Table 6 . The probabilities of transfers 4 → 1 and 4 → 2 are not given. It means that the general heuristic (11) must be reconciled with the fuzzy sets given in Table 6 . The reconciliation result is given in Table 7 . The corresponding mean value of the capital raised by IPO is given in Table 8 . To demonstrate flexibility of the reconciliation algorithm the following sets of fuzzy probabilities are taken into reconciliation. The reconciliation results are given in Table 10 and  Table 11 . 
Conclusions
The statistical methods employed for the analysis of the IPO timing tasks require sufficient historical records. Unfortunately, a lack of adequate statistical data in connection with turbulently changing environment suggests that these precise statistical tools are not always suitable towards a full understanding of the task under study. We suggest that additional research is needed and we also believe that the principles and tools of qualitative modelling represent a suitable approach. Therefore, in this paper we intended to develop a qualitative IPO timing model supporting CFOs while considering going public under conditions of underdeveloped capital markets, where decision making is often made under information shortage. Firstly, we identified key variables influencing IPO timing, which have sufficient support in the relevant IPO academic literature, e. g. GDP growth rates, level of compliance, stock market returns, etc. Next, we developed a qualitative IPO timing model represented by a set of pair-wise relations According to the principle of consistency, the initial set of all scenarios (27 9 in our case study) was reduced to just 19 scenarios. Third, a transition graph was developed and a reconciliation algorithm was used to achieve better results based on qualitative heuristic and isolated quantitative information. The transition graph shows all transitions existing among 19 scenarios. Any path is a qualitative description of a forecast and the transitional graph G represents all possible developments of external and internal environment. Fourth, heuristics were used to evaluate the qualitative tree.
The main scientific contribution of our research consists in enhancing of the qualitative model approach to forecast a complete set of scenarios while IPO timing. In our model no variant of future development can be overlooked, i.e. the model covers all possible changes of the external and internal environment. Moreover, it is possible to generate complicated unions and/or intersections of other IPO models developed by different experts. This aspect is important for development of classical quantitative models.
We believe that our findings provide valuable implications for corporate practice. CFOs considering going public have a tool how to predict future development. Scenarios for responding to possible changes of external and internal environment might be interconnected with additional resources of information to re-evaluate influence of key variables on IPO success or failure. The outcomes of this study are also valuable for issuers, investment bankers, stock exchanges and macroeconomic policy makers. The key question is what incentives should be implemented in order to increase the attractiveness of the local emerging capital markets for private companies and investors in the future? In order to encourage IPO emerging markets, policymakers, investment banks and stock exchanges should focus more on macroeconomic and institutional stability. The qualitative method forces the market participants to ask provocative questions and to re-evaluate their attitudes.
Qualitative models, however, require extensive expert knowledge and assistance to identify the broadest range of variants. Incorrect input quantities in combination with an erroneous estimate of trends are considered to be their major limitation. In this context, we aim to extend the data experiment in the follow-up research. In particular, we intend to enhance the existing list of IPO timing determinants by including variables related to internal ownership and governance factors and external factors such as governance at the country-level.
